ABSTRAcT. We examined sexual dimorphism in the craniodental traits of the raccoon dog Nyctereutes procyonoides from South Korea. Univariate comparisons of skull (cranium and mandible) and dental measurements revealed a small extent of sexual dimorphism in some measurements. The most indicative dimorphic measurements were the breadths of the upper and lower canines which were around 8% larger in male specimens on average. On the other hand, multivariate analyses using only skull traits showed slightly a clearer separation between sexes than those using only dental ones. This discrepancy may be derived from a higher variability in dental traits than in those of the skull. In conclusion, sexual dimorphism within N. procyonoides of South Korea is present, but was not so pronounced as for other local populations. However, measurements showing significant sexual dimorphism varied between different localities. This suggests that the selective forces acting upon craniodental morphology of each sex vary between populations of the species.
Sexual size dimorphism (SSD) is a well-recognized phenomenon, which is observed in many taxa of mammals. Especially, most species in the order carnivora show clear SSD [4, 12, 14, 22] . Therefore, this taxon has been regarded as a suitable model group to study sexual differentiation in morphology [4] . However, several species of canidae exhibit exceptionally low to negligible SSD. In the raccoon dog Nyctereutes procyonoides, SSD has been studied by several authors [7, 10, 13, 16] . Nyctereutes procyonoides has originally held a wide distribution throughout East Asia, however, it has widely established itself throughout Eastern Europe, following introduction to the continent by man. The species shows remarkable geographic variation in the skull and teeth among both native and introduced populations [1, 5, 10, 17] . The sexual dimorphism is reported to be relatively small in raccoon dogs [5, 7, 10, 16] , nevertheless, the degree of sexual dimorphism varies between its local populations [5, 16] . To elucidate the factors which have influenced sexual dimorphism within raccoon dogs, an assessment of the geographic variation in sexual dimorphism should be helpful.
In N. procyonoides, there is only one study which has compared the regional differences in sexual dimorphism as noted above [16] , though further authors have studied the dimorphism within one region [5, 6] . In this study, we examined sexual dimorphism of the craniodental traits among South Korean specimens, which are regarded as a distinct subspecies, N. p. koreensis [15] . This report is the first study to examine the sexual dimorphism of N. p. koreensis in South Korea, and should contribute to our understanding of factors relating to the evolution of sexual dimorphism.
MATERIALS AND METHODS
We examined sexual dimorphism using craniodental measurements of 63 individuals of N. p. koreensis from South Korea (male: 37, female: 26). Only adult specimens of which the lower third molar (m3) is fully erupted, were used in order to eliminate age related variation. By using 17 cranial, 7 mandibular and 30 dental measurements (Table 1 ; Fig. 1 ), we conducted univariate and multivariate comparisons. These measurement techniques are those from Haba et al. [5] , though the heights of the upper and lower canines (cH and cH) and the SIZE, the skull length independent of rostrum length (cBL-RL) were excluded. In univariate treatments, we compared the mean and variance values of each measurement by Welch's t-test and F-test, respectively. As multivariate treatments, we conducted principal component analysis (PcA) based on variance-covariance matrix and canonical variate analysis (cVA) using natural log-transformed values of skull (cranium and mandible) (sPcA and scVA) and dental measurements (tPcA and tcVA) separately. For these analyses, we used specimens without missing values (skull; male: 36, female: 25, teeth; male: 35, female: 24). All statistical analyses were conducted with the software R.2.13.2 [20] .
RESULTS

Univariate analyses:
Mean values were different between sexes in 5 variables (POc, JT, cW, m3L and cW) ( Table 2) . canine measurements (cW and cW) and POc were larger in male specimens, while JT and m3L were larger in females. Differences of variance were observed in 4 variables (RL, MW, p3L and I1H).
Multivariate analyses: In the sPCA, the first 3 axes (sPC1, sPc2 and sPc3) explained 36.6, 12.5, and 11.3% of the total variation, respectively (Table 3) . Factor loadings for sPc1 were all positive except for POc, and therefore this variable indicated size variation and POc is not correlated with overall skull size. Factor loadings for sPc2 were large in POC (0.79), PB (0.62), IC (0.48) and MH (−0.45), and those for sPC3 were large in MW (0.69) and JT (−0.47). Scores of sPc1 were not different between the sexes (P=0. 19) , and variance of the score was marginally significantly larger in female (P=0.077) ( Fig. 2A) . On the other hand, sPc2 scores were larger in male (P=0.0052), although the ranges overlapped to a high degree, and variances were not significantly different (P=0.35).
In the tPCA, the first 3 axes accounted for 32.1, 15.4 and 10.0% of the total variation, respectively (Table 4) . Factor loadings for tPc1 were larger in incisors. Those for tPc2 were large in canines, some premolars, m1 and M1, and those for tPc3 were larger in m3, followed by canine lengths (0.40 to 0.43). Cumulatively, the first 7 axes accounted for more than 80% in total. Each of these axes did not show significant difference of either mean or variance between sexes except for tPc4 which explains 8.0% of the total variation showing significant sexual difference of means (P=0.026) ( Fig. 2B) . By the cVA using skull and dental variables, 93.4 and 88.1% of specimens were correctly classified into each sex, respectively ( 
DIScUSSION
In the present study, we found that sexual dimorphism of craniodental traits of N. p. koreensis in South Korea is not strongly pronounced. Similarly, several previous studies have shown that sexual dimorphism of craniodental traits in this species is quite low, or possibly absent in other regions [5, 7, 10, 13, 16] . Although both the current work and that of Haba et al. [5] which studied sexual dimorphism in 2 populations (Hokkaido and Honshu), similarly detected significant sexual dimorphism in several canine variables, those traits which showed sexual dimorphism were different between these 3 populations. The most dimorphic variables were canine widths, followed by length of m3, jaw thickness and breadth of postorbital constriction. These results differ from that of Haba et al. [5] , which reported significant differences in cBL and upper canine length among the specimens from Hokkaido, as well as differences in lower canine width, length of m3, upper canine length and width of M1 among specimens from Honshu. It is known that species with prominently sexually dimorphic canines often have a polygynous mating system, and canines are often recruited for male-male competitions [3] . On the other hand, those with a more relaxed sexual dimorphism in the canines tend to exhibit monogamous mating systems [4] . The raccoon dog is reported to be monogamous in Korea, Japan and Finland [2, 8, 9, 23] , although the mating systems of the species have not been studied in other populations. Future field observations of the interactions between males, especially on the use of canines for inter-male competitions or associated behavior, should shed further light on the evolution of arrested sexual dimorphism in the raccoon dogs.
The number and kinds of sexually dimorphic traits seem to be different between populations, as has been shown in our study as well as further previous studies [5, 16] . One explanation for this variability is that the selective forces acting upon the craniodental morphology of each sex may be different between populations. However, it should be noted that many craniodental traits are often associated with one another [11, 18, 19] . If quantitative aspects of such traits are significantly integrated in a likewise manner, the apparent sexual dimorphism observed in some traits might be a byproduct of true sexual dimorphism. To investigate this possibility, geographically broader studies using comparable data from many distinct populations are required.
cVA using skull variables discriminated between the sexes more clearly than tcVA, despite using fewer skull variables than those of teeth. Scores of sPc2 and those of tPc4 were significantly different between sexes, but the total variation which we could account for was higher in the former. These results indicate that the overall sexual difference is more apparent from data relating to the skull than that relating to the teeth. In general, tooth measurements are more variable than skull measurements within a given population of carnivoran species [19, 21] . Therefore, although the clearest differences are found among canine widths, it is likely that the highly variable nature of the teeth may obscure the discrimination between sexes.
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